To correlate the microscopic finding of entrapped liver cells in hepatic metastases from colorectal cancer with outcome after hepatectomy.
Hepatectomy is considered the most effective method available to treat liver metastasis from colorectal cancer. However, some patients who undergo radical hepatectomy have distinctly poorer outcomes than others because of recurrences in the remnant liver or extrahepatic metastases. Planning of further treatment, then, requires identification of the more aggressive tumors at the time of hepatectomy. Pathologic variables that can be studied in liver metastases considered to reflect biologic activity, such as vascular invasion 1, 2 and satellite lesions, 3, 4 have proven difficult to apply to all patients with liver metastases. As a result, these findings have not seen general use as prognostic factors.
In this study we investigated hepatic cells entrapped in colorectal liver metastases as a possible prognostic factor reflecting the growth characteristics of the tumor. Frequency of entrapment in liver metastases was evaluated and correlated with outcome.
METHODS
Eighty-three patients with colorectal liver metastases underwent radical hepatectomy between April 1983 and December 1997 at the Aichi Cancer Center. Five patients had received intraarterial chemotherapy for extensive liver metastases before surgery. Excluding these five patients and three postoperative deaths, 75 patients were eligible for study. All patients underwent resection for the primary lesion and had no relapses except for the hepatic tumor at the time of hepatectomy. Anatomical hepatectomy, resection of one or more hepatic segments, 5 with regional lymphadenectomy was performed in all patients. Seventeen patients received adjuvant chemotherapy after hepatectomy.
Behavior of the tumor was investigated in the liver resection specimen as follows. The cut surfaces of liver metastases were processed in entirety for histopathologic examination, using the slice through the lesion with the largest diameter, except that when a large metastatic tumor macroscopically showed extensive central necrosis, only the viable-appearing circumferential tumor was sectioned. Blocks for processing were fixed in 10% formalin and embedded in paraffin. Microscopic sections 3 m thick were stained with hematoxylin and eosin. We scored the distribution and frequency of liver cell entrapment (LCE), which we defined as follows. First, liver cells in the tumor showing no communication with surrounding hepatic tissue were considered entrapped. Second, when liver cells observed in the tumor communicated with surrounding hepatic tissue, the band of liver cells had to be wider in the tumor than at the point of communication or had to arborize in the tumor (Fig. 1) . We counted the total number of LCEs in the largest cut surface through the lesion. Cases were classified as follows: grade 0, no LCE; grade I, 1 LCE; grade II, 2 to 10 LCEs; grade III, more than 10 LCEs throughout the tumor. Grade 0 and I cases were assigned to the rare group, grade II and III cases to the frequent group.
Tumor differentiation, invasion of portal and hepatic veins, and bile duct invasion also were evaluated microscopically. A pattern of cancer cell infiltration into the surrounding sinusoid was considered sinusoidal invasion. In cases with multiple metastases, we studied the findings in the lesion with the most frequent LCEs.
Cumulative survival rates were calculated by the KaplanMeier method. 6 The log-rank test was used to evaluate differences between survival curves. 7 For comparing rare and frequent groups, the chi-square and Mann-Whitney tests were used. Several pathologic factors, including those associated with survival by univariate analysis, were subjected to multivariate analysis using the Cox proportional hazards model. 8 Statistical calculations were performed with a personal computer using Statview J-4.5 software (SAS Institute, Cary, NC). P Ͻ .05 was considered significant.
RESULTS
We chose to study the entire tumor cross-section with the largest diameter, except for large, grossly necrotic centers, because microscopic findings in the lesion were not homogeneous. In 4 of 75 patients, the cut surface could not be studied in this manner, so we investigated the remaining 71. Mean tumor size in the excluded patients was 13.9 cm (range 8.5-23), larger than in the included patients (mean 5.5 cm, range 0.9 -18). All patients were followed up for more than 1 year after hepatectomy (maximum 13 years). At the time of hepatectomy, one patient's liver parenchyma showed fibrosis resulting from chronic hepatitis.
Liver metastases in the frequent group had an irregularly contoured, invasive border. In such metastases, entrapped hepatocytes were seen even in the center of the lesion. In contrast, metastases in the rare group had rounded, expansile contours (Fig. 2) . Results of grading according to LCE were grade 0 in 20 patients, grade I in 16, grade II in 24, and grade III in 11. Cumulative 3-and 5-year survival rates for the rare group (69.2% and 44.4%, respectively) were significantly higher (P ϭ .0324) than for the frequent group (47.5% and 27.2%, respectively) (Fig. 3) . No significant differences were observed between the two groups regarding gender distribution, mean or median age, clinical stage of the primary lesion, number of metastatic lesions, tumor size, relative number of patients with metastatic lesions present when the primary was diagnosed versus patients with metastases appearing only subsequently, or number of patients receiving adjuvant chemotherapy after hepatectomy.
Considering both groups together, tumor invasion was observed microscopically in portal veins in 39 patients (54.9%), in bile ducts in 30 patients (42.3%), and in hepatic veins in 12 patients (17.0%). Sinusoidal invasion was present in 43 patients (60.6%). Although patients with any of these factors tended to have poor survival, the differences did not attain significance (portal vein, P ϭ .0541; bile duct, P ϭ .4106; hepatic vein, P ϭ .7723; sinusoidal invasion, P ϭ .7816).
Lesions with hepatic venous invasion and sinusoidal invasion were much more common in the frequent group than in the rare group (P ϭ .023 and 0.001, respectively; Table  1 ). Invasion of more than two kinds of vascular structure was recognized in 24 patients. This evidence of aggressive invasion also was observed much more commonly in the frequent group than in the rare group (P ϭ .002). All poorly differentiated lesions were in the frequent group, but overall histologic differentiation did not differ significantly between the two groups (P ϭ .147).
Univariate analysis found the grade of LCE to be the only significant pathologic prognostic factor for patients with liver metastases (Table 2) . Multivariate analysis was performed using all pathologic factors as covariates (Table 3) ; of these, the grade of LCE was found to be an independent prognostic factor (P ϭ .0450). Further, the stepwise method identified the grade of LCE alone as an independent risk factor (hazard ratio, 2.074; 95% confidence limits, 1.077-3.992). Cumulative curves for survival after liver resection in patients with rare (n ϭ 36) and frequent (n ϭ 35) liver cell entrapment (LCE). The difference in survival between groups was significant (P ϭ .0257). However, these factors have not always reliably characterized the biologic behavior of liver metastases. In 1997, Yasui et al 22 reported a macroscopic classification of colorectal liver metastases that was able to characterize their biologic behavior. However, no histologic feature of metastases has shown comparable predictive value, and histologic findings such as tumor differentiation and vascular invasion have not been found to be independent risk factors. 3, 23, 24 However, approaches using techniques of molecular biology are too costly and time-consuming for routine clinical use. In the present report, we identified a novel histopathologic finding that can serve as an independent prognostic determinant based on the biologic behavior of liver metastases.
DISCUSSION

Several investigators have identified various clinical prognostic factors in patients with liver metastases from
Destruction of normal tissue architecture is characteristic of malignant tumors. Tumors that aggressively invade normal tissue are considered biologically more malignant. Findings of this nature based on cancer cells themselves include invasion of portal veins, bile ducts, and hepatic veins, 2,9,23 sinusoidal invasion, 24 absence of a fibrous tumor capsule, 16 and satellite lesions. 4, 5 All of these features reflect the aggressiveness of a tumor.
In the present study, microscopic invasion by colorectal liver metastases was observed in portal veins (54.9% of patients), bile ducts (42.3%), and hepatic veins (16.9%). Some vascular invasion was observed in most patients, especially because microscopic observation can identify even minute degrees of vessel infiltration. Such minimal infiltration is unlikely to be a significant prognostic factor, and it was not a significant predictor either here or in another report specifically investigating microscopic vascular infiltration. 3 Given the abundance of vascular structures in the liver, such infiltration would seem particularly likely whether it is prognostically significant or not.
Sinusoidal invasion has a significance equal to that of vessel infiltration in the sense that tumor cells are entering the circulation. A tumor without sinusoidal invasion typically is separated from surrounding liver tissue by inflammatory cells, fibrous tissue, or both. Ohlsson et al 16 found that the degree of fibrosis surrounding liver metastases correlated significantly with survival. However, capsule formation is more typical of hepatocellular carcinoma than liver metastases. Most metastases have no definite surrounding fibrous layer. 25 When present, as shown by Ohlsson et al, fibrosis can prevent cancer cells from invading sinusoids. Although sinusoidal invasion by liver metastases might be a negative prognostic factor and surrounding fibrous tissue might be a positive prognostic factor, no significant difference in survival was seen between patients with and without sinusoidal invasion (P ϭ .7816). Fibrosis surrounding the tumor was not a uniform finding, and a reliable definition of relative encapsulation would be difficult.
Macroscopically observed satellite lesions are a prognostic factor. 4, 5 Microscopically, other than multiple metastases from the primary lesion, intravascular growth of tumor and budding or micrometastasis from the main lesion are recognized sources of satellite lesions, which can vary from the size of a cluster of several cancer cells to a few millimeters in diameter. Microscopic satellite lesions, then, are a composite of various processes involved in tumor progression and do not represent a single histologic finding. Therefore, they are difficult to define and assess objectively.
As explained above, microscopic evaluation focusing only on the structure of cancer cells and the presence of invasion is not a reliable prognostic indicator. Accordingly, we examined LCE, which may reflect the tumor growth rate and particularly aggressive infiltration of parenchyma by liver metastases. Aggressive cancers rapidly invade, migrate, adhere to, and grow at sites detached from the main lesion. As these areas of spread progressively fuse with the main lesion, liver cells are trapped in the tumor. This rapid cycle of tumor growth result in entrapment irrespective of the structures that cancer cells infiltrate. Thus, aggressiveness that cannot be estimated directly from cancer cells may be evaluated in terms of LCE, which can be defined and evaluated easily and objectively. Based on LCE, cumulative 3-and 5-year survival rates for the rare group (69.2% and 44.4%, respectively) were significantly higher than in the frequent group (47.5% and 27.2%, respectively). Lesions showing considerable LCE had invasive-appearing borders and showed aggressive vessel infiltration. Our proposed classification may reliably reflect the degree of biologic invasiveness as opposed to organ vascularity. Multivariate analysis confirmed that LCE was a significant independent risk factor for poor survival. The degree and distribution of entrapped liver cells in liver metastases may reflect biologic behavior and therefore predict survival after hepatectomy.
We conclude that in colorectal cancer with metastases to the liver, the aggressiveness of invasion is reflected by tumor morphology. Entrapment of liver cells in metastases is a simple, objective histologic finding that appears to be a reliable prognostic factor.
